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Description 

Technical Field 

s [0001] Tlie present Invention relates to a preventive and/or therapeutic agent for systemic lupus erythematosus 
comprising an anti-interteukin-6 receptor antibody as an active ingredient. 

Background Art 

10 [0002] lnterleukin-6 (IL-6) is a cytokeine which is also called B cell stimulating factor 2 (B&F2) or interferon p2 (IFN- 
P2). fL-6 was discovered as a differentiation factor involved in the activation of B lymphocytes (Hirano, T. et al., Nature 
(1986) 324. 73-76). Thereafter, it was found to be a multifunctional cytokeine that influences various functions of the 
cells (Akira, S. et al., Adv. In Immunology (1993) 54, 1-78). 

[0003] IL-6 transmits its biological activity through two types of proteins on the cell. One is IL-6 receptor, a ligand- 
15 biding protein to which IL-6 binds. IL-6 receptor occurs not only as a menfi)rane-bound IL-6 receptor, molecular weight 
of atx>ut 80 kD, that penetrates through and is expressed on the ceil membrane but also as a soluble IL-6 receptor, 
nrK)lecutar weight of about 40 to 50 kD. essentially consisting of the extracellular region. 

[0004] The other is a membrane protein gp1 30, molecular weight of about 130 kD, that is involved in the non-ligand- 
biding signal transduction. IL-6 and IL-6 receptor form the IL-6/IL-6 receptor complex, which after binding to gp130 

20 transmits its biological activity into the cell (Taga et al., J. Exp. Med. (1987) 166, 967). 

[0005] Anti-IL-€ receptor antibody has been described In several reports (Novick D. et al., Hybridoma (1991) 10, 
137-146. Huang, Y W. et al.. Hybridoma (1993) 12. 621-630, International Patent Publication WO 95-09873, French 
Patent Publication FR 2694767. United States Patent US 521628). A mouse antitxxly PM-1 (Hirata et al.. J. Immunol- 
ogy (1989) 143, 2900-2906) that is one of the anti-lnterleukin-6 receptor antibodies and humanized PM-1 antibody (the 

25 International Patent Publication WO 92- 1 9759) have been known, and the tatter was obtained by transplanting the com- 
plementarity determining region (CDR) thereof to a human antibody. 

[0006] Systemic lupus erythematosus is a systemic autoimmune disease that results from inflammatory reactions 
caused by the deposition of antinudear antibody or anti-DNA antibody and their immune complexes in various organs 
and tissues. The deposition of antinudear antibody or anti-DNA antibody and their immune conrplexes in the renal 

30 glomerulus triggers the onset of lupus nephritis. In systemic lupus erythematosus, few patients exhibit increased IL-6 
levels in the blood, negating ttie involvement of IL-6 in the pathology (Peterson, E. et al.. Lupus. (1996) 5, 571-576). 
[0007] Kiberd, J., J. Am. Soc. Nephrol. (1993) 4, 58-61 , describes the effect of anti-interleukin-6 receptor antibody 
on renal functions and tissue damage In MRL-lpr/lpr mice. In the experiment by Kiberd, L, however, no investigations 
were made on tiie tinttng of appearance of urinary protein and days of survival as an index of dinical symptoms of sys- 

35 temic lupus eryttiematosus. Thus, tiieir results alone cannot oondusively assert that anti-interleukin-6 receptor anti- 
body Is effective for lupus nephritis. 

[0008] Though the pathology of tiie MRL-lpr/lpr mice used is similar htstologicaliy to systemic lupus erythematosus, 
the onset mechanism of the pathology involves an aberrant Fas antigen: On the other hand, no aberrant Fas antigens 
have been observed in human systemic tupi» eryUiematosus (Watanabe-Fukunaga, R. et al. . Nature, (1 992) 356, 314- 
40 317). 

[0009] It is therefore diffk^ult to believe that the results obtained in these nnice could immediately be applied to sys- 
temic lipus erythematosus in humans. As models of lupus nephritis in systemic lupus erythematosus, NZB/WF1 mice 
are known to have a patiiok>gy dosest to that of systemic lupus erythematosus in humans (Howie, J. B. et al., Adv. 
Immunol. (1968) 9, 215-266). 

45 [001 0] In addition, since there were no statistically signif rcant differences observed between the anti-interleukin-6 
receptor antibody administration group and the control IgG administration group, it cannot be concluded that anti-inter- 
leukin-6 receptor antibody has any therapeutic effects: Thus, from the above literature by Kiberd: J., one coutei not 
expect the possitrie effects of anti-interleukin-6 receptor antibody on systemic lupus erythematosus. 
[0011] Rnck, B. K. et al., J. Clin. Invest. (1994) 94, 585-591 described the suppressive effect on the excretion of 

50 urinary protein, the suppressive effects on arrt-DNA antibody produdk>n in the blood and tine prolongation of survival 
days in anti-IL-6 antibody-ti-eated NZB/NZB F1 mice. 

[0012] However, the administration of anti-IL-6 antibody resulted in an increased number of mice that developed 
nephritis from 7-month-old; and it is very likely that the Inaease continues even after 9-month-old. It is thus anticipated 
that anti-IL-6 antitxxiy has no suffident effect on systemic lupus erythematosus. 
55 [0013] It has been reported to date that the administration of anti-IL-6 antitxxly in man arxi mice causes marked 
Increases in blood levels of IL-6 (Wendling, D. et al., J. Rheumatol. (1993) 20, 259-262; Heremans. H. et al., Eur. J. 
Immunol. (1992) 22, 2395-2401). It has also been found that the simultaneous adminisbBtion of IL-6 and anti-IL-6 anti- 
body results: In marked increases in the activity of IL-6 (Mihara, M. et al., Immunology (199.1) 74, 55-59). These facts 
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indicate the possibility that the use of anti-IL-6 antibody causes an enhancement of the endogenous activity of IL>6 and 
the development of side-effects. It is suggested therefore that undesirable effects may arise from the administration of 
anti-IL-€ antibody to patierrts with systemic lupus erythematosus. 

[0014] International Patent Publication WO 96-12503 describes that anti-IL-6 receptor antibody is effective for 
nephritis, in particular mesangial proliferative nephritis. However, the International Patent Publication WO 96-12503 
only describes that IL-6 produced in large quantities by genetic engineering/induced the growth of mesangial cells, and 
nephritis developed from the growth of mesangial cells as a direct cause. It makes no description or suggestion that IL- 
6 is not involved in the onset, and that anti-IL-6 receptor antibody has any therapeutic effects on autoimmune nephritis, 
for example lupus nephritis, in systemic lupus erythematosus that is caused by the deposition in the renal glomerulus 
of anti-nuclear antibody or antl-DNA antibody or their immune complexes. 

[001 5] Accordingly, it has not been known that anti-IL-6 receptor antibody has therapeutic effects on systemic lupus 
erythematosus. 

[0016] Currently, systemic lupus erythematosus has been treated by steroid drugs or/and immunosuppressive 
drugs. However, they are symptomatic therapies, and they require a long-term administration and pose problems of 
side-efffects. 

Disclosure of the Invention 

[001 7] The present invention intends to provide a preventive and/or therapeutic agerrt for systemic lupus erythema- 
tosus, said agent being free of the above-mentioned drawfc>acks. 

[0018] The present invention provides a preventive and/or therapeutic agent for systemic lupus erythematosus 
conprlsing an anti-IL-6 receptor antibody as an active Ingredient. 

[0019] The present Invention also provides a preventive and/or therapeutic agent for autoimmune nephritis In sys- 
temic lupus erythematosus comprising an anti-IL-6 receptor antibody as an active Ingredient 
[0020] The present invention also provides a preventive and/or therapeutic agent for lupus nephritis in systemic 
lupus erythematosus comprising an arTti-iL-6 receptor antibody as an active ingredient. 

[0021] The present invention provides a preventive and/or therapeutic agent for the above systemic lupus ery- 
thematosus comprising an anti-human IL-6 receptor antibody as an active ingredient 

[0022] The present invention provides a preventive arxi/or tiierapeutic agent for the above systemic lupus ery- 
thematosus comprising an anti-IL-6 receptor monoclorral antibody as an active ingredient. 

[0023] The present invention provides a preventive and/or therapeutic agent tor the above systemic lupus ery- 
thematosus comprising an recorri)ir>ant arTti-IL-6 receptor antitxxiy as an active ingredient. 

[0024] The present invention provides a preventive and/or tiierapeutic agent for the above systemic lupus ery- 
thematosus comprising PM-1 arrtitxxly as an active ingredient. 

[0025] The present invention provides a preventive and/or therapeutic agent comprising an antl-IL-6 receptor anti- 
body having the constant region of a human antibody as an active ingredient. 

[0026] The present invention also provides a preventive and/or therapeutic agent for systemic lupus erythematosus 
comprising a chimeric antibody or a humanized antibody directed against IL-6 receptor as an active ingredient. 
[0027] The present invention also provides a preventive and/or therapeutic agent tor systemic lupus erythematosus 
comprising a humanized PM-1 antibody as an active ingredient. 

[0028] The present invention also provides a preventive and/or therapeutk; agent for reducing anti-DNA antibody or 
anti-nudear antibody In systemic lupus erythematosus conprlsing an anti-IL-6 receptor antibody as an acti've ingredi- 
ent 

[0029] The present invention also provides a preventive and/or therapeutic agent for reducing the excretion of uri- 
nary protein in systemic lupus erytiiematosus comprising an anti-IL-6 receptor antibody as an active ingredient. 

Brief Description of Drawings 

[0030] 

Fig. 1 is a graph showing the suppressive effect on the excretion of urinary protein by MR16-1 in NZB/W F1 mice. 
Fig. 2 is a graph showing the effect on survival days by MR 16-1 in NZB/W F1 mice. 

Rg. 3 Is a graph showing the effect on the anmjnt of anti-DNA antibody In the t)lood by MR16-1 . Embodiments for 
Carrying Out the Invention 

1 . Anti-IL-8 receptor antibody 

[0031] Anti-IL-6 receptor antit)odies for use in tiie present Invention may be of any origin, any kind, and any form. 
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as long as tt has a therapeutic effect for systemic lupus erythematosus, an effect of reducing anti-DNA antibody in sys- 
temic lupus erythennatosus, or an effect of reducing the excretion of urinary protein in systemic lupus erythematosus. 
[0032] Anti*IL-6 receptor antibodies for use in the present invention are antibodies that inhibit the binding of lL-6 to 
IL-6 receptor by binding to IL-6 receptor, thereby inhibiting the transmission of the biological activity of IL-6 into the cells. 
5 Accordingly. anti-iL-6 receptor antibodies for use in the present invention are preferably arrtibodies that neutralize the 
biological activity of IL-6. 

[0033] ArTti-IL-6 receptor antibodies for use in the present invention can be obtained as polyclonal or monoclonal 
antibodies using a known method. As the anti-IL-6 receptor antibodies for use in the present invention, monoclonal anti- 
bodies are preferred. Furthermore, as the anti-IL-6 receptor antikK)dies, monoclonal antibodies of, in particular, mam- 

10 malian origin, are preferred. 

[0034] [Monoclonal antibodies of mammalian origin include those produced by a hybridoma and those produced by 
a host which has been transformed with an expression vector containing genetically engineered antibody genes. 
[0035] Exanples of such antibodies include MR16-1 antibody (Saito, et al., J. Immunology (1993) 147. 168-173), 
PM-1 antibody (Hirata. et al.. J. Immunology (1989) 143, 2900-2906). or AUK12-20 antibody. AUK64-7 antibody or 

IS AUK146-15 antibody (International Patent Publication WO 92-19759). and the like. Among tiiem, PM-1 antibody is most 
pretended. 

[0036] Incidentally, the hybridoma cell line which produces PM-1 antibody has been internationally deposited under 
the provisions of the Budapest Treaty on July 10. 1990 with tiie National Institute of Bioscience and Human Technology. 
Agency of Industrial Science and Technology, of 1-3, Higashi 1-chome, Tsukuba-shi. IbaraW, Japan, as PERM BP- 
20 2998. 

[0037] The hybridoma cell line which produces MR1 6-1 antibody has been internationally deposited under the pro- 
vlsfons of the Budapest Treaty as MR16-1 on March 13. 1 997 with the National Institute of Bioscience and Human Tech- 
nology. Agency of IrKlustrial Science and Technology, of 1-3. Higashi 1-chome. Tsukuba-shi, Ibaraki, Japan, as PERM 
BP-5875. 

25 

2. Preparation of IL-6 receptor 

[0038] lL-6 receptor which is an immunizing antigen may be prepared using a known method. 
[0039] Speciffoally. lL-6 receptor can be obtained in the following manner. For example, human tL-6 receptor can 
30 be obtained using the IL-6 receptor gene sequence/amino acid sequence disclosed in European Patent Publication EP 
325474. and the mouse lL-6 receptor can be obtained using that discfosed in Japanese Unexamined Patent Pufc)lication 
(Kokai) 3-155795. The IL-6 receptor to be used as an immunizing antigen for generating antibody is preferably human 
IL-6 receptor. 

[0040] There are two types of IL-6 receptor proteins: IL-6 receptor expressed on tiie cell membrane, and IL-6 recep- 
35 tor detached from the cell membrane (solut^le IL-6 Receptor) (Yasukawa et al.. J. Biochem. (1 990) 108. 673-676). Sol- 
uble IL-6 receptor arttibody essentially consists of the extracellular region of the lL-6 receptor bound to the cell 
memt)rane. and thereby Is different from the membrane-bourxl IL-6 receptor in that tiie former lacks the transmembrane 
region or both of the transmembrane region arxj the intracellular region. The lL-6 receptor to be used as an immunizing 
antigen for generating antibody may be any of the membrane-tx>und or the soluble tL-6 receptor, as long as the objec- 
40 tive is attained. 

[0041 ] After the gene sequence of IL-6 receptor was inserted into a known expression vector system to transform 
an appropriate host cell, the desired IL-6 receptor protein may be purified from the host cell or a culture supernatant 
thereof using a known method. The lL-6 receptor protein thus purified may be used as the immunizing antigen. Alter- 
natively, cells that have expressed IL-6 receptor or a fusion protein of the IL-6 receptor protein and another protein may 
45 be used as the sensitizing antigen. A variant of tL-6 receptor may be used as the immunizing antigen for generating 
antibody, as tong as the objective is attained. 

[0042] fioli that has a ptasmki plBIBSF2R containing cDNA encoding human IL-6 receptor has been internation- 
ally deposited under the provisions of the Budapest Treaty as HB101-plBtBSF2R on January 9, 1989 witti the National 
Institute of Bfoscience arxi Human Technology. Agency of Industrial Science and Technotogy. of 1-3. Hig^hi 1-chome. 
50 Tsukuba-shi, lt>araki. Japan, as the accession number PERM BP-2232. 

3. Preparation of antibody-producing hybridoma 

[0043] Hybridomas that produce monoclonal antitxxiies may be prepared using an essentially known method as 
55 follows: Thus. tL-6 receptor is used as an immunizing antigen in a conventional immunizing method for immunization. 
The immune cells thus otstained are fused with known parent cells and then monoclonal antibody-producing cells are 
screened using saeening.metiiod to generate hyt>ridomas. 

[0044] Though tiie mammals to be immunized with an immunizing antigen are not specrfcally limited, they are pref- 
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erably selected in consideration of their compatibility with the parent cell for use in celt fusion. They generally include 
rodents, lagomorphs, arxJ primates. Rodents include mice, rats, hamsters, and the like. Lagomorphs include, for exam> 
pie, rabbits. Primates include, for example, monkeys. As monkeys, catarrhines (Old-World monkeys) such as cynomolgi 
(crab-eating macaque), rhesus monkeys, sacred baboons, chimpanzees etc. are used. 

5 [0045] Immunization of animals with an immunizing antigen is carried out using a known method. A general 
method, for example, involves the intraperitoneal or subcutaneous administration of an imnujnizing antigen to a mam- 
mal. Specifically, an immunizing antigen which has been diluted and suspended in an appropriate anrx)unt of phosphate 
buffered saline (PBS) or physiological saline etc. is mixed, as desired, with an appropriate amount of a conventional 
adjuvant, for example Freund's complete adjuvant. After being emulsified, it is preferably administered to a ntammal for 

10 several times every 4 to 21 days. Alternatively a suitable carrier may be used at the time of immunization by the immu- 
nizing antigen. 

[0046] After immunization and the confirmation of the Increase in the desired antibody levels in the serum, the 
immune cells such as lymphatic cells and spleen cells are taken out from the mammal and are si&jected to cell fusion, 
In which preferred immune cells that are subjected to cell fusion include in particular the spleen cells. 

1$ [0047] The mammalian myeloma cells as the other parent cells which are subjected to cell fusion with the above- 
mentioned immune cells preferat)ly include various known cell lines such as P3X63Ag8.653) (J. Immunol. (1979) 123: 
1548-1550), P3X63Ag8U.1 (Cun-ent Topics in Microbiology and Immunology (1978) 81: 1-7), NS-1 (Kbhier, G. and Mil- 
stein. C. Eur. J. Immunol. (1976) 6: 511-519). MPC-11 (Margulies. D.H. et al., Cell (1976) 8: 405-415). SP2/D (Shul- 
man. M. et al,, Nature (1978) 276: 269-270). FO (de St. Groth, S. F et al., J. Immunol. Methods (1980) 35: 1 -21), S194 

20 (Trowbridge. I. S., J. Exp. Med. (1978) 148: 313-323). R210 (Galfre. G. et al., Nature (1979) 277: 131-133) and the like. 
[0048] Cell fusion between the above immune cells and the myeloma ceils may be essentially conducted In accord- 
ance with a known method such as is described in Milstein et al. (Kohler. G. and Milstein, C. Methods Enzymol. (1981) 
73: 3-46) and the like. 

[0049] More specifically, the above cell fusion is carried out in the conventional nutrient broth in the presence of, for 
2S example, a cell fusion accelerator. As the cell fusion accelerator, for example, polyethylene glycol (PEG), Sendai virus 
(HVJ) and the like may be used, and, in addition, an adjuvant such as dimethyl sulfoxide etc. may be added as desired 
to enhance efficiency of the fusion. 

[0050] The preferred ratio of the immune cells and the myeloma cells to be used is. for example. 1 to 1 0 times more 
immune cells than the myeloma cells. Examples of culture media to be used for the atxyve cell fusion include RPMI1 640 
30 medium and MEM culture medium suitable for the growth of the at>ove myeloma cell lines, and the conventional culture 
medium used for this type of cell culture and, besides, a serum supp)lement such as fetal caK serum (PCS) may be 
added. 

[0051] In ceil fusion, predetermined amounts of the above imnruine cells arxi the myek>ma cells are mixed welt in 
the above culture liquid, to which a PEG solution previously heated to about 37*'C. for exanple a PEG solution v^th a 
35 mean molecular weight of about 1000 to 6000. Is added at a concentration of 30 to 60% (w/v) and mixed to obtain the 
desired fused cells (hybridomas). Then by repeating the sequential addition of a suitable culture medium and centrifu- 
gation to remove the supernatant, cell fusk>n agents etc. which are undesirable for the growth of the hybridoma can be 
removed. 

[0052] Saki hybridoma is selected by culturing in a converrtional selection medium, for example, the HAT culture 
40 medium (a culture lK|uki containing hypcxanthine. aminopterin. and thymidine). Culturing in said HAT culture medium 
is continued generally for a period of time suff k»ent to effect killing of the cells other than the desired hybridoma (non- 
fusion cells), generally several days to several weeks. Then, the conventk)nal limiting dilutk)n method is conducted in 
which the hybridomas that produce the desired antiixxiy are screened and cloned. 

[0053] In addition to obtaining the above hybridoma by imrruinizing an animal other than the human with an antigen, 
45 It is also possible to sensitize human lymphocytes in vitro with the desired antigen protein or desired antigen-expressing 
cells, and the resulting sensitized B lynphocytes are fused with a human myeloma cell for example U266, to obtain the 
desired hunrian antibody having the activity of binding to the desired antigen or desired antigen-expressing cells (see 
Japanese Post-examined Patent Publication (Kbkoku) No. 1-59878). Furthermore, a transgenic animal having a reper- 
toire of all human ant^Dody genes can be immunized with an antigen or antigen-expressing cells to obtain the desired 
50 human antibody in the method described above (International Patent Publications WO 93-12227, WO 92-03918. WO 
94-02602, WO 94-25585, WO 96-34096 and WO 96-33735). 

[0054] The monoctonai antibody-producing hybridomas thus constructed can be sutx:uttured in a conventional cul- 
ture medium, or can t>e stored for a prolonged period of time in liquki nitrogen. 

[0055] In order to obtain a monoctonai antibody from saki hybridoma^ there can be mentioned a method in which: 
55 said hybridoma is cultured in a conventional method arKi an antibody is obtained as a supernatant, or a method in which 
the hyt)rkioma is administered to and grown in a mammal compatible with said hybridoma and the antibody is obtained 
as the ascites. The former method is suitable for obtaining high-purity antibodies, whereas the latter is suitable tor a 
large scale production of antibodies. 
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[0056] Specrfically the hybridoma producing an anti-IL-6 receptor antibody can be constructed using the method 
disclosed in Japanese Unexamined Patent Publication (Kbkai) 3-139293. It can be conducted by a method in which the 
PM-1 antibody-producing hytwidoma that was internationally deposited under the provisions of the Budapest Treaty as 
PERM BP-2998 on July 10. 1990 with the National Institute of Bioscience and Human Technology, Agency of Industrial 

5 Science and Technology, of 1-3, Higashi 1-chome, Tsukuba-shi. Ibaraki, Japan, is intraperitoneally injected to BALB/c 
mice (produced by CLE A Japan) to obtain the ascites from which the PM-1 antibody is purified, or a method in which 
said hybridoma is cultured in a suitable culture medium such as the RPMI1640 medium containing 10% bovine fetal: 
serum and 5% MB-Condlmed HI (manufactured by Boehrlnger Mannheim), the hybridoma SFM medium (manufac- 
tured by GIBCO-BRL), the PFHM-ll medium (manufactured by GI6CO-BRL) and the like, and the PM-1 antibody can 

10 be purified from the supernatant. 

[0057] In addition to generating a hybridoma to produce antibody, immune cells that produce the desired antibody, 
for example the immunized lymphocytes that were immortalized with an oncogene, may be used to obtain the antibody. 

4. Recombinant antibody 

IS 

[0058] A recombinant antitx)dy» which is produced by the recombinant gene technology in which an antibody gene 
is cloned from a hybridoma and integrated into a suitable vector which was then introduced into a host, can be used in 
the present Invention as monoclonal antibody (see, for example, Carl. A.K., Borrebaeck, and James, W. Larrick, THER- 
APEUTIC MONOCLONAL ANTIBODIES, published in the United Kingdom by MACMILLAN PUBLISHERS LTD, 1990). 

20 [0059] Specrfically. mRNA encoding a variable region (V) of a desired antibody is isolated from a hybridoma pro- 
ducing a desired antibody or antibody-produdng immune cells, for example the immunized lymphocytes that were 
imnx)rtalized with an oncogene. The isolation of mRNA is conducted by preparing total RNA using, for example, a 
known method such as the guanidlne ultracentrrfuge method (Chirgwin, J.M. et al., Biochemistry (1979) 18, 5294- 
5299). the AGPC method (Chomczynski. R et al. Analytical Biochemistry (1987) 162, 156-159). and then mRNA is 

25 purified from the total RNA using an mRNA Purification kit (manufactured by Pharmacia) and the like. Alternatively. 
mRNA can be directly prepared using the Quick Prep mRNA Purification Kit (manufactured by Pharmacia). 
[0060] cDNA for the V region of antibody may be synthesized from the mRNA thus obtained using a reverse tran- 
scriptase. cDNA may be synthesized using an AMV Reverse Transcripfase First-strand cDNA Syrrthesis Kit and the like. 
Alternatively, for the synthesis and anrplif k:ation of cDNA. a 5 -Ampli FINDER RACE Kit (manufactured by Cbntech) 

30 and the 5 -RACE method (Rohman. M.A. et al.. Proc. Natl. Acad. Sd. U.S.A. (1988) 85, 8998-9002; Belyavsky, A. et 
al.. Nudeic Acids Res. (1989) 17. 2919-2932) that employs polymerase chain reaction (PCR) may be used. The desired 
DNA fragment is purified from the PCR product obtained and nr^y be ligated to a vector DNA. Moreover, a recombinant 
vector is constructed therefrom and then is introduced into E. coK etc.. from which colonies are selected to prepare a 
desired recombinant vector. The nucleotide sequence of the desired DNA may be confirmed by a known method such 

35 as the dideoxy method. 

[0061] Once the DNA encoding the V region of the desired antibody has been obtained, rt may be ligated to DNA 
encoding a constant region (C region) of the desired antibody, which is then integrated into an exp>ression vector. Alter- 
natively, the DNA encoding the V region of the antibody may be integrated into an expression vector which already con- 
tains DNA encoding tiie C region of the antitxxly. 
40 [0062] In order to produce an antitxxly for use in the present invention, an antibody gene is integrated, as described 
below, into an expression vector so as to be expressed under the control of the expression regufatory region, for exam- 
ple an enhancer and/or a pronxrter. Subsequentiy. the expressk)n vector may be transformed into a host cell and the 
antitxxly can then be expressed therein. 

[0063] The expression of the antibody gene may be conducted by separately integrating tiie heavy chain (H chain) 
45 or the light chain (L chain) into a differer\t expression vector followed by the simultaneous transformation of the host, or 
by integrating the DNA encoding the H chain and the L chain into a single expressbn vector foltowed by the transfor- 
mation of the host (see International Patent Publication WO 94-1 1523). 

5. Altered antibody 

50 

[0064] In accordance with tiie present invention, artif idally altered recombinant antibody such as chimeric antibody 
and humanized antitxxiy can be used for the purpose of lowering heterologous antigenidty against humans. These 
altered antibodies can be produced using known methods. 

[0065] Chimeric antbody can be obtained by ligating a thus obtained DNA encoding a V region of antbody to a 
55 DNA encoding a C region of human antibody, which is then integrated into an expression vector and introduced into a 
host for production of an antitxxly therein (see European Patent Put>lk:atlon EP 125023, and International Patent Pub- 
lication WO 92-19759). Using tiiis krtown metiiod. chimeric antibody useful for the present invention can be obtained. 
[0066] For ecample. a pfasmid that corrtains a DNA encoding, an L chain V region or an H chain V region of a chi- 
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meric PM-1 antibody was designated as pPM-k3 or pPM-h1 , respectively, and E^coH having the plasmid has been inter- 
nationally deposited under the provisions of the Budapest Treaty as NCIMB 40366 and NCIMB 40362, respectively, on 
February 1 1, 1991 with the National Collections of Industrial and Marine Bacteria Limited (see International Japanese 
Patent Publication WO 92-19759). 

5 [0067] Humanized antitxxJy, which is also called reshaped human antibody, has been made by transplanting the 
complementarity determining regions (CDRs) of an antibody of a mammal other than the human, for exanple mouse 
antibody, into CDRs of a human antibody. The general recon^inant DNA technology for preparation of such antibodies 
is also known (see European Patent Publication EP 125023 and International Patent Publication WO 92-19759). 
[0068] Specifically, a DNA sequence wherein CDRs of a mouse antibody are ligated with framework regions (FRs) 

10 of a human antibody is synthesized from several divided oligonucleotides having sections overlapping with one another 
at the ends thereof. The DNA thus obtained is ligated to a DNA encoding a C region of a human antibody and then is 
integrated into an expression vector, which is then introduced into a host for antibody production (see European Patent 
Publication EP 239400 and International Patent Publication WO 92-19759). 

[0069] FRs of a human antibody joined through CDRs are selected so tiiat the CDRs form a favorable antigen bind- 
15 ing site. When desired* amino acids in the FRs of the antitxxiy V region may be substituted so that the CDR of reshaped 
human antibody may fomn an appropriate antigen biding site (Sato, K. et at.. Cancer Res. (1993) 53, 851-856). 
[0070] For chimeric antikxxJy or humanized arrtibody, a C region of human antibody is used. As the preferred C 
region of human antibody, there can be mentioned Cy: and, for example, Cyl . Cy2, Cy3, and Cy4 can be used. The C 
region of human arrtibody may be modified to improve the stability of antibody or the production tiiereof. 
20 [0071] Chimerk: antibody consists of V regions of an antibody derived from a mammal other than tiie human and 
C regions derived from a human antibody, whereas a humanized antibody consists of CDRs of an antibody derived from 
a mammal otiier tiian the human and FRs and C regions derived from a human antibody. Accordingly, antigenicity 
thereof in tine human body has been reduced so that they are useful as an active ingredient of therapeutic agents of tiie 
present invention. 

25 [0072] A preferred embodi ment of the humanized antibody for use in the present invention includes humanized PM- 
1 antibody (see International Patent Publication WO 92-19759). 

6. Antibody fragments and modified antibody 

30 [0073] Antibodies for use in the present invention may be antitxxiy fragments or modified antibodies as long as they 
are preferably used in the present invention. For example, as fragments of antibody, tiiere may be n^entioned Fab, 
F(ab\, Fv or single-chain Fv (scFv) in which Fv's of H chain and L chain are ligated via a suitable linker. 
[0074] Specif k^lly antibody Is treated with an enzyme, for example, papain or pepsin, to produce antibody frag- 
ments, or gene encoding an antbody fragment is constructed; andihen irrtroduced into an expressfon vector, which is 

35 then expressed in a suitable host celt (see, for example, Co, M. S. et a!., J. Immunol. (1994) 152, 2968-2976; Better, M. 
and Horwitz, A.H., Methods In Enzyn:K>logy (1989) 178, 476-496, Academic Press, Inc.; Ptuecktrun, A. and Skerra, A., 
Methods in Enzymology (1989) 178, 476-496. Academic Press, Inc.; Lanroyi, E.. Methods in Enzymology (1989) 121, 
652-663; Rousseaux. J. et at., Mettiods in Enzynrwiogy (1989) 121. 663-669; Bird, R E. et al.. TIBTECH (1991) 9, 132- 
137). 

40 [0075] scFv can be obtained by ligating a V region of an H chain and a V region of an L chain of an antibody (see. 
International Patent Publfoation WO 88-09344). In a scFv, a V region of an H chain and a V region of an L chain are 
preferably ligated via a linker, preferat)ty a p^tide linker (Huston, J.S. et al.. Proc. Nati. Acad. Sci. U.S.A. (1988) 85, 
5879-5883). The V region of H chain and the V region of L chain in the scFv may be derived from any of the above- 
mentioned antfixxties. As a peptide linker for linking V regions, any single-chain peptide comprising, for example, for 

45 exanpte one comprising 12 to 19 amino acid residues may be used (see. United States Patent No. US 5525491). 
[0076] DNA encoding scFv can be obtained using DNA encoding an H chain or an H chain V region of the above 
antibody and DNA encoding.an L chain or an L chain V region of the above antibody as the template by amplifying tiie 
portion of the DNA encoding the desired amino acid sequence among the above sequences by the PCR technique with- 
the primer pair specifying the kxrth erxte tiiereof. and by further amplifying the combination of DNA encoding the peptide 

50 linker portion and the primer pair which defines that both ends of said DNA be ligated to the l-l chain and the L chain, 
respectively. 

[0077] Once DNA encoding scFv is constructed; an expression vector containing it and a host transformed with 
said expressfon vector can be obtained by the conventfonal methods, and scFv can be obtained using the resultant host - 
by the conventfonal methods: 

55 [0078] An antitxxiy fragment can be produced by obtaining a gene tiierefor in a similar manner to that mentioned 
akx>ve and by allowing it to be expressed in a host. "AntitExxly" as used in the claim of ttie present applk»tion encom- 
passes these antibody fragments. 

[0079] As modified antibodies, antibodies associated with various nxHecutes such as polyethylene glycol (PEG) 
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can be used. **Arrtibody" as used in the claim of the present application encompasses these modified antibodies. These 
modified antibodies can be obtained by chemically modifying the antibodies thus obtained. These methods have 
already been established in the art. 

5 7. Expression and production 

[0080] Antibody genes constructed as described above may be expressed and antibodies are obtained in a known 
method. In the case of mammalian cells, expression may be accomplished using a vector containing a conventionally 
used useful promoter/enhancer, an antibody gene to be expressed, and DN A in which the poly A signal has been cper* 
10 ably linked at 3* downstream thereof or a vector containing said DNA. Examples of the promoter/enhancer Include the 
human cytomegalovirus immediate early promoter/enhancer. 

[0081 ] Additionally, as the promoter/enhancer which can be used for expression of antibody for use in the present 
invention, there are viral promoters/enhancers such as retrovirus, polyoma virus, adenovirus, and simian virus 40 
(SV40). and promoters/enhancers derived from mammalian cells such as human elongation factor 1a (HEF1a). 
75 [0082] For example, expression may be readily accomplished by the method of Mulligan et al. (Nature (1979) 277, 
1 08) when SV40 promxiter/enhancer is used, or by the method of Mizushima et al. (Nucleic Adds Res. (1 990) 1 8, 5322) 
when HEFIa promoter/enhancer is used. 

[0083] In the case of E^ coli. expression may be conducted by operably linking a commonly used useful promoter, 
a signal sequence for antibody secretion, and an antibody gene to be expressed, followed by expression thereof. As the 
20 promoter, for example, there can be mentioned lacz pronrx>ter and araB promoter. The method of W^rd et al. (Nature 
(1098) 341. 544-546: FASEB J. (1992) 6. 2422-2427) may be used when lacz promoter is used, and the method of Bet- 
ter et al. (Science (1988) 240. 1041-1043) nnay be used when araB promoter is used. 

[0084] As the signal sequence for antibody secretion, when produced in the periplasm of E £q1L the pel 6 signal 
sequence (Lei. S. P. el al., J. Bacteriol. (1987) 169. 4379) can k)e used. After separating an antibody produced in the 

25 periplasm, the structure of the antibody is appropriately refolded before use (see, for example, International Patent Pub- 
lication WO 96/30394, and Japanese Post-examined Patent Publication (Kokoku) No. 7-93879). 
[0085] As an origin of replication, there can be used those derived from SV40, polyoma virus, adenovirus, bovine 
papilloma virus (BPV) arKi the like. Furthermore, for the amplification of the gene copy number in a host cell system, 
expression vectors can include as a selectable niarker an aminoglycoside transferase (APH) gene, a thymidine kinase 

30 (TK) gene, an E. coli xanthine guaninephosphoribosyl transferase (Ecogpt) gene, a dihydrofolate reductase (dhfr) gene 
or the like. 

[0086] For the production of antibody for use in the present invention, any production system can be used. The pro- 
duction system of antibody preparation comprises an in vitro or an in vivo production system. As the in vitro productk>n 
system, there can be mentioned a production system wNch employs eukaryotic cells and the productton system which 

35 employs prokaryotic cells. 

[0087] When the eukaryotic cells are used, there are the production systems which employ animal cells, plant cells, 
and fungal cells. Known animal cells include (1) mammalian cells such as CHO cells (J. Exp. Med. (1995) 108, 945). 
COS cells, myeloma cells, baby hamster kidney (BHK) cells, HeLa cells, and Vero cells, (2) amphibian cells such as 
Xenopus oocytes (Valle. el al., Nature (1981) 291. 358-340). or (3) insect cells such as sf9, sf21. and Tn5. As the CHO 

40 cells, dhfr-CHO (Proc. Natl. Acad. Sd. U.S.A. (1968) 77, 4216-4220). a CHO cell that is deficient in the DHFR gene, 
and CHO K-1 (Proc. Natl. Acad. Sci. U.S.A. (1968) 60, 1275) can be preferably used. 

[0088] KrK)wn plant cells indude. for example, those derived from Nicotiana tabacum. which is subjected to callus 
culture. Known fungal cells include yeasts such as the genus Saccharomvces. more specifically the species Saccharo- 
myces cereviceae. or filamentous fungi such as the genus Aspergillus, more specifically the species. Aspergillus niqer . 
45 [0089] When the prokaryotic cells are used, there are production systems which employ bacterial cells. Known t)ac- 
terial ceils include Escherichia coli (E. coli). and Bacillus sut>tilis . 

[0090] By introdudng via transformation a gene for a desired antibody into these cells and culturing the transformed 
cells in vitro, the antibody can be obtained. Culturing is conducted in the known methods. For example, as the culture 
media, DMEM. MEM. RPMI1640, and IMDM can be used, arxj serum supplements such as fetal calf serum (PCS) may 
50 be used in combination. In addition, antibodies may be produced in vivo by implanting cells into which an antibody gene 
has been introduced into the abdominal cavity of an animal and the like. 

[0091 ] As in vivo production systems, there can be mentioned those which employ animals and those whrch employ 
plants.. Antibody genes are introduced into these animals or plants; and the antibodies are produced in such animals or 
plants, and recovered: 

55 [0092] When animals are used, there are the production systems which employ mammals and insects. 

[0093] As mammals, goats, pigs, sheep, mice, and cattle can be used (Vicki Glaser, SPECTRUM Biotechnology 
Applications, 1993). When mammals are used, transgenic animals can be used. 

[0094] For example, an antibody gene is inserted into the mkidle of a gene encoding protein whk:h is:inherently pro- 
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duced in the milk such as goat p casein to prepare fusion genes. A DNA fragment containing a fusion gene into which 
an antibody gene has been inserted is injected into a goat embryo, and the emtxyo is introduced into a female goat. 
The desired antibody is obtained from the milk produced by the transgenic goat born from the goat who received the 
embryo, or offsprings thereof. In order to increase the amount of milk containing the desired antibody produced by the 
5 transgenic goat hormones may be given to the transgenic goat as appropriate. (Ebert, K.M. et at., Bio/Technology 
(1994) 12,699-702). 

[0095] When silkworms are used as an insect, baculovirus into which a desired antibody gene has been inserted 
is infected to silkworms, and the desired antibody can be obtained from the body fluid of the silkworm (Susumu, M. et 
al.. Nature (1985) 315. 592-594). 

10 [0096] Moreover, plants, for example, tabacco. can be used. When tabacco is used, a desired antibody gene Is 
inserted into an expression vector for plants, for example pMON 530, and then the vector is introduced into a bacterium 
such as Aarobacterium tumefadens . The bacterium is then infected to tabacco such as Nicotiana tabacum to obtain the 
desired antibody from the leaves of the tabacco (Julian, K.-C. Ma et al., Eur. J. Immunol. (1994) 24, 131-138). 
[0097] When antibody is produced in vitro or in vivo production systems, as described above, a DNA encoding an 

IS H chain or an L chain of an antibody may be separately integrated Into an expression vector and the hosts are trans- 
formed simultaneously, or a DNA encoding an H chain and an L chain may be integrated Into a single eqpresslon vector 
and the host is transformed therewith (see International Patent Publication WO 94-1 1523). 

[0098] As methods of introducing an expression vector into a host, there can be used a known method such as the 
calcium phosphate method (Virolgoy (1 973) 52, 456-467) and the electropoiation method (EMBO J. (1 982) 1 , 841 -845), 
20 and the like. 

8. Separation and purification of antibody 

[0099] Antibodies produced and expressed as described above can be separated from the inside or outside of the 
25 host cell and then may be purified to homogeneity. Separation and purification of the antifcxxjy for use in the present 
invention may be accomplished by the separation and the purlficatbn methods conventionally used for protein purifica- 
tion. These methods include, but are not limited to. chromatography columns such as affinity chromatography, filtration, 
ultrafiltration, salting-out. dialysis arui the like, from which methods can be selected and combined as appropriate for 
separatk>n and purrfk^itlon (Antibodies: A Laboratory Manual, Ed Hariow and David Lane, Cold Spring Hart)or Labora- 
30 tory, 1988). 

[0100] As columns for use in affinity chromatography, there can be mentioned Protein A column arxi Protein Q col- 
umn. Examples of the carriers used In the Protein A column are Hyper D, POROS, Sepharose F. F. (Pharmacia) and" 
the like. 

[0101] As- chromatography other than the aboveHfnentioned affinity chromatography, there can be mentioned, for 
35 example, ion exchange chromatography, hydrophobic chromatography, gei-flltratlon, reverse phase chromatography, 
adsorption chromatography, and the like (Strategies for Protein Purification and Characterization: A Laboratory Course 
Manual. Ed Daniel R. Marshak et al.. Cold Spring Hart)or Laboratory Press, 1986). 

[0102] These chronnatographies can be carried out using a liquid chromatography such as HPLC. FPLC. 

40 9. Determination of antibody coru^entration 

[0103] The concentration of antitxxiy ot>tained can be determined by the measurement of absort>ance or by the 
enzyme-linked immunosorbent assay (ELISA) arxi the like. Thus, when absorbance measurement is employed, the 
antibody for use in the present invention or a sample containing the antibody is appropriately diluted with PBS and then 
45 the absoriDance is measured at 280 nm. In the case of human antibody, calculation is conducted using 1.35 OD at 1 
mg/ml. 

[0104] When the ELISA method Is used, measurement Is conducted as follows. Thus, 100 ^1 of goat anti-human 
IgG (manufectured by TAQO) diluted to 1 mg/ml In 0.1 M bicarbonate buffer, pH 9.6, Is added to a 96-well plate (man- 
ufactured by Nunc), and is incubated overnight at 4**C to innmobilize the antibody. After blocking. 100 ^il each of appro- 

50 priately diluted antibody of the present invention or a sample containing the antibody, or 100 ^1 of human IgG 
(manufactured by CAPPEL) as the concentration standard is added, and Incutjated at room temperature for 1 hour. 
[0105] After washing. 100 mI of 5000-fold diluted alkaline phosphatase-labeled anti-human IgG (manufactured by 
BIO SOURCE) Is added, and Incubated at room temperature for 1 hour After washing, the substrate solution Is added 
and Incubated, followed by the measurement of absorbance at 405 nm using the MICROPLATE READER Model 3550- 

55 (manufactured by Blo-Rad) to calculate the concentration of the desired antibody. 

[01 06] Alternatively, BlAcore (manufactured by Pharmacia) can be used for the measurement of antibody concen- 
tration. 
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10. Confirmation of the activity of antibody 

[0107] The antigen binding activity, binding-inhibition activity, and neutralization activity of an IL-6 receptor antitxxJy 
for use in the present invention can be evaluated using a conventionally known metiiod. For example, IL-6 is added to 

5 a plate in which IL-6-reactive cells such as MH60.BSF2 were cultured. Then the activity can be evaluated using incor- 
poration of ^H-thymidine into IL-6-reactive cells in the coexistence of an IL-6 antagonist as an index. 
[0108] Alternatively anti-IL-6 receptor antibody and ^^^l-labeled IL-6 are added to a plate in which IL-6 receptor- 
expressing cells such as U266 were cultured. Then, evaluation can be effected by determining the '^^^i-tabeted IL-6 
bound to the IL-6 receptor-expressing cells (Antibodies: A Laboratory Manual, Ed Harlow and David Lane, Cold Spring 

10 Harbor Laboratory, 1988). 

[0109] Furthermore, as methods of determining the antigen binding activity of the IL-6 receptor antibody for use in 
the present invention, there can be used ELISA, EIA (enzymeimmunoassay), RIA (radioimmunoassay), or the fluores- 
cent antibody method. 

[01 1 0] When ELISA is employed, for example, IL-6 receptor is added to a 96-well plate onto which antibody against 
IS tL-6 receptor, for exan^le antibody against the C region thereof, has been immobilized, and then samples containing 
the desired anti-IL-6 receptor antibody, for example a culture supernatant of anti-IL-6 receptor antibody-producing cells 
or purified antibody, are added thereto. 

[0111] Secondary antibody that recognizes the desired anti-anti-IL-6 receptor antibody labeled with an enzyme 
such as alkaline phosphatase is added, and the plate is incubated, and washed. Then, after adding an enzyme sub- 
20 strata such as p-nitrophenyl phosphate tfiereto and determining absorbance. the arvtigen-binding activity can be evalu- 
ated. A soluble IL-6 receptor may be used as the lL-6 receptor. 

[0112] As methods for measuring the inhibitory activity of ligand receptor binding of the anti-IL-6 receptor antibody 
for use in the present invention, the conventional Cell ELISA or the ligand receptor binding assay can be used. 
[01 1 3] In the case of Cell ELISA. for example, cells expressing IL-6 receptor are cultured in a 96-well plate and then 
25 adhered, and immobilized with paraformaldehyde etc. Alternatively, membrane fractions of cells expressing IL-6 recep- 
tor are prepared and a 96-well plate on which the fractions have been immobilized is prepared. To tiie plate are added 
a sample containing the desired anti-IL-6 receptor antibody, for example a culture supernatant of anti-IL-6 receptor anti- 
body-producing cells, purified antibody, and a radioisotope such as ^^^Habeled lL-6. 

[0114] Then the plate is incubated, washed, and radioactivity is measured to determine the amount of lL-6 bound 
30 to tiie lL-6 receptor arxi thereby to evaluate the inhibition activity of ligand receptor binding of anti-IL-6 receptor anti- 
body. 

[0115] In the inhibition assay of IL-6 birKiing to IL-6 rec^^tor on the cells, cells expressing lL-6 receptor are sepa- 
rated by means of centrifugation etc. to prepare a cell suspensfon. A solution of lL-6 labeled witii a radioisotope such 
as ^^^1, or a mixture of unlabeled IL-6 and labeled IL-6, and a solution containnng anti-IL-6 receptor antibody whose con- 
35 centration has been adjusted are added to the cell suspension. After incubating for a certain period of time, the cells 
are separated, and the radioactivity of the labeled lL-6 bound to the cell is measured. 

[0116] For evaluation of the activity of the above antfoody. BIAcore (manufactured by Pharmacia) can be used. 

1 1 . Confirmation of therapeutic effects 

40 

[01 1 7] The subject disease to be treated by the preventive and/or therapeutic agents of the present invention is sys- 
temic lupus erythennatosus. In order to confinm tiie effects accomplished tyy the present invention, anti-IL-6 receptor 
antibody n^y be given to a model animal that develops the pathology of human systemic lupus erythematosus. 
[01 18] As the animal to be used, tiie model animals that best manifest the pathology of human systemic lupus ery- 
45 thematosus are used. The nxxiel animals that best manifest the pathology of human systemic lupus erythematosus are 
NZB/WF1 mice. NZBAA^FI mice are a known and availakrie model animal. 

[01 1 9] Systemic lupus erythematosus is a systemic autoimmune disease that is caused, by the deposition of anti- 
nuclear antibody or anti-DNA antibody or their imnume complexes in vanous organs and/or tissues, which induces 
inflammatory reactions thereby causing systemic autoimmune disease. The deposition in the renal glomerulus of anti- 
50 nuclear antibody or anti-DNA antibody or their immune complexes causes autoimmune lupus nephritis. Few patients 
with systemic lupus erythematosus exhibit an increase in IL-6 in the k)k)od, thereby negating the involvement of IL-6 in 
the pathology (Peterson, E. et aL, Lupus. (1996) 5, 571-576). 

[0120) It has been reported that lL-6 directly acts on the mesangial cells present in the glomerulus of the kidney 
arxJ thereby causes the growth of the mesangial cells, which in turn induces glomerular nephritis (Suematsu, S. et al., 
55 Proc. Nati. Acad. Sci. U.S.A. (1989) 86. 7547-7551). Ll^xjs nephritis is caused by the mechanism in which IgG class 
anti-nuclear antibody or anti-DNA antibody deposits in the glomerulus and thereby causes inflammatory reactions In 
the glomerulus, which in turn damages the glomerulus leading to the onset of nephritis, arKi therefore from the view- 
point of the mechanism of onset it is distinguished from mesangial proliferative glomerulonephritis. 
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[01 21 J As shown in the Examples that follow, the suppression of IgG class antl-DNA antibody or the suppression of 
the excretion of urinary protein were observed by administering anti-IL-6 receptor antibody to NZB/WF1 mice. Sirrce 
NZB/WF1 mice are a model animal that best reflects the pathology of human systemic lupus erythematosus, it 
revealed that anti-IL-6 receptor antibody has a therapeutic effect on systemic lupus erythematosus. 
5 [0122] Thus, the preventive and/or therapeutic agents of the present invention are useful as preventive and/or ther- 
apeutic agents for systemic lupus erythematosus. The preventive and/or therapeutic agents of the present invention are 
useful as preventive and/or therapeutic agents for reducing anti-DNA antibody in systemic lupus erythematosus, and 
as preventive and/or therapeutic agents for reducing the excretion of urinary protein in systemic lupus erythematosus. 

10 12. Route of administration and pharmaceutical preparation 

[01231 The preventive and/or therapeutic agents of the present invention may be administered orally or pareterally. 
either systemically or locally The parenteral route may be selected from intravenous injection such as drip infusion, 
intramuscular injection, intraperitoneal injection, and subcutaneous injection, and the method of administration may be 

15 chosen, as appropriate, depending on the age and the conditions of the patient. 

[0124] The preventive and/or therapeutic agents of the present invention may be administered at a dosage that is 
sufficient to treat or to block at least partially the pathological condition. For example, the effective dosage is chosen 
from the range of 0.01 mg to 100 mg per kg of body weight per administration. Alternatively the dosage in the range of 
1 to 1000 mg, preferably 5 to 50 mg per patient may be chosen. However, the preventive and/or therapeutic agents of 

20 the present invention are not limited to these dosages. 

[0125] The timing of administration may be after the development of systemic lupus erythematosus or the agents 
may be administered when the onset of systemic lupus erythematosus is expected in a preventive manner to alleviate 
the pathological conditions after the onset 

[0126] The perkxJ of administration may be selected as appropriate depending on the age and condition of the 
25 patient. 

[0127] The preventive or therapeutic agents of the present invention may contain pharmaceutical ly acceptable car- 
riers or additives depending on the route of administration. Examples of such carriers or additives include water, a phar- 
maceutical acceptable organic solvent, collagen, polyvinyl ateohol. polyvinylpyrrolidone, a carboxyvinyl polymer, 
cart>oxymethyl cellulose sodium, polyacrylic sodium, sodium alginate, water-soluble dextran. carboxymethyl starch 
30 sodium, pectin, methyl cellulose, ethyl cellulose, xanthan gum, gum Arabic, casein, gelatin, agar, diglycerin, propylene 
glycol, polyethylene glycol, Vaseline, paraffin, stearyt alcohol, searicacid. human serum albumin (HSA), mannitol. sorb- 
itol, lactose, a pharmaceutically acceptable surfactant and the like. Additives used are chosen from, but not limited to, 
the above or combinatk>ns thereof depending on the dosage form. 

35 Examples 

[0128] The present invention will now be explained in more details with reference to the working exarrples. refer- 
ence examples, and experiments. It shoukl be noted, however, that tiie present invention is not limited to them in any 
way. 

40 

Reference example 1. Preparation of human soliible IL-6 reccotor 

[0129] SoIuk)le IL-6 receptor was prepared by the PCR method using a plasmid pBSF2R.236 containing cDNA that 
encodes IL-6 receptor obtained according to tfie method of YamasaW et al.. Science (1988) 241, 825-828. Plasmid 

45 pBSF2R.236 was digested with a restriction enzyme Sph I to obtain a cDNA of lL-6 receptor, which was tiien inserted 
into mpl8 (manufactured by Amersham). Using a synthetic oligoprimer designed to introduce a stop codon into the 
cDNA of IL-6 receptor, a mutafion was introduced into the cDNA of IL-6 receptor by the PGR method using an in vitro 
Mutagenesis System (manufactured by Amersham). The procedure resulted in the introduction of a stop codon to the 
amino ackJ at position 345. and gave a cDNA encoding soluble IL-6 receptor. 

50 [0130] In order to express the cDNA of soluble IL-6 receptor in CHO cells, it was ligated to plasmid pSV (manufac- 
tured by Pharmacia) to obtain plasmid pSVL344. The cDNA of soluble IL-6 receptor that was cleaved with Hirxl Ill-Sal 
I was inserted to plasmid pECEdhfr containing the CDNA of dhfr to obtain plasmid pECEdhfr344 that can t>e expressed 
in the CHO cells. 

[0131] Ten Jig of plasmid pECEdhf r344 was transfected to a dhfr-CHO cell line DXB-1 1 {Uriand et al., Proc. Nati. 
55 Acad. Sci. U.S.A. (1980) 77, 4216-4220) by tiie calcium phosphate method (Chen et al.. Mol. Cell. Biol. (1987) 7, 2745- 
2751). The transfected CHO cells were cultured in a nucleoside-free a MEM selection medium containing 1 mM 
glutamtn. 10%dialyzed PCS, 100 UAnl penicillin, and 100 ^g/n^ streptomycin. 

[0132] The selected CHO cells were screened by the limiting dilution method to obtain a single CHO cell clone. The 
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CHO cell clone was arrpltfied in 20 nM - 200 nM methotrexate (MTX) to obtain a CHO cell line 5E27 that produces 
human soluble IL-6 receptor. The CHO cell line 5E27 was cultured in an Iscov-modrfied Dulbecco's medium (IMDM, 
manufactured by Gibco) containing 5% FBS. The culture supernatant was collected and the concentration of soluble IL- 
6 receptor in the culture supernatant was determined by ELISA. 

5 

Reference example 2. Preparation of human anti>IL-6 receptor antibody 

[0133] Anti-IL-6 antibody MT18 prepared by the method of Hirata et al. (J. ImnuinoL, 143, 2900-2906, 1989) was 
bound to CNBr-activated Sepharose 4B (manufactured by Pharmacia Fine Chemicals. Piscataway. NJ) according to the 

10 attached regimen and IL-6 receptor (Science (1 988) 241 . 825*8258) was purified. A human myelon^a cell line U266 was 
solubilized with 1 mM p-para-aminophenyl methane sulfonyl fluoride hydrochloride (manufactured by W!ako Chemicals) 
containing 1% digitonin (manufactured by Wako Chemicals). 10 mM triethanolamine (pH 7.8) arxi 0.15 M NaCI (manu- 
factured by Wako Chemicals) (digitonin buffer), and mixed with MT18 antibody bound to Sepharose 48 beads. Then, 
the beads were washed six times with the digitonin txjffer, to prepare the partially purified IL-6 receptor. 

IS [0134] BALB/c. mice were inmunized four times every ten days with the above partially purified IL-6 receptor 
obtained from 3x10^ U266 cells, and then a hybridoma was prepared using a standard method. The hybridoma culture 
supernatant from the growth-positive well was tested for its activity of binding to IL-6 receptor according to the method 
described below. 5x10^ U266 cells were labeled with ^^S-methionine (2.5 mCi) and were solubilized with the above 
digitonin buffer. The solubilized U266 cells were mixed with a 0.04 m) volume of MT18 antibody bound to Sepharose 4B 

20 beads, and then were washed six times with the digitonin buffer. ^^S-methionine-labeled IL-6 receptor was eluted with 
0.25 ml of the digitonin buffer (pH 3.4) and was neutralized in 0.025 ml of 1M Tris (pH 7.4). 

[0135] 0.05 ml of the hytxtdoma culture supernatant was mixed with 0.01 ml of Protein G Sepharose (manufactured 
by Pharmacia). After washing, Sepharose was incubated with 0.005 ml ^^S-labeled IL-6 receptor solution prepared as 
described above. The immunopreciprtate was analyzed by SDS-PAGE to investigate the hybridoma culture supernatant 
25 that reacts with IL-6 receptor. As a result, the reaction-positive hybridoma done PM-1 was established. The antibody 
produced from the hybridoma PM-1 has a subtype of IgGlic 

[0136] The inhibitory activity of IL-6 binding of the antibody produced t>y the hybridoma PM-1 to human IL-6 recep- 
tor was studied using the human myeloma cell line U266. A human recombinant IL-6 was prepared from E. coli (Hirano 
et al., Immunol. Lett., 17, 41), and was tallied with ^^^1 using the Bolton-Hunter reagent (New Engfarxi Nuclear, Bos- 
30 ton, MA) (Taga, T. et al:, J. Exp. Med: (1987) 166, 967-981). 4x10^ U266 cells were cultured with the culture superna- 
tant of 70% (v/v) hybridoma PM-1 together with 14,000 cpm of ^^^l-labeled IL-6 in the presence of a 100-fold excess of 
unlabeled IL-6 for one hour at room temperature. Severrty pi of the sample was layered on 300 pH PCS in a 400 yd micro- 
f uge polyethylene tut>e. After centrifugation, the radioactivity of the cell was determined. 

[0137] The result revealed that the antibody produced by the hybridoma PM-1 inhibits the binding of IL-6 to IL-6 
35 receptor. 

Reference example 3. Preparation of mouse anti-IL-6 receptor antibody 

[0138] A PDonodonai antibody directed against mouse IL-6 receptor was prepared according to the method 
40 described in Saito, et al., J. Immunol. (1993) 147, 168-173. 

[0139] The CHO cells that produce nx)use soluble IL-6 receptor were cultured in the IMDM culture liquid containing 
.10% PCS. From the culture supernatant, mouse solut>!e IL-6 receptor was purified using nrxHise soluble. IL-6 receptor 
RSI 2 (see Sarto. et al., supra) and an affinity column fixed to Affigel 10 gel. 

[0140] The mouse soluble IL-6 receptor (50 ^g) thus obtained was mixed with Freund's complete adjuvant, which 
45 was then injected to the abdomen of Wistar rats (Japan Charles River). From 2 weeks later the animals were tx)osted 
with Freund's incomplete adjuvant. On day 45, the rats were sacrificed, and about 2x10^ spleen cells were fused with 
1x10^ mouse myekHna cells P3U1 using 50% PEG1500 (manufactured tyy Boehringer Mannheim) according to the 
conventional method, and then were screened by the HAT culture medium. 

[0141 ] After the culture supematant was added to the plate coated with rabbit arrti-rat IgG antibody (manufactured 
50 by Cappel), mouse soluble lL-6 receptor was reacted. Sut>sequently, using rabbit anti-nrx)use lL-6 receptor antiix)dy and 
alkaline phosphatase-labeled sheep anti-rabbit IgG, hybridomas producing antitxxly directed againstmouse soluble IL- 
6 receptor were screened by ELISA. After antibody production was confirmed, the hybridoma clones were subsaeened 
twice to obtain a single hybridoma done. The clone was designated as MR16-1 . 

[0142] The neutralizing activity of the antibody produced by the hybridoma on signal transduction of nx>use lL-6 
55 was examined by ^H-thymidine incorporation-using MH60.BSF2 cells (Matsuda et al.. J. Immunol. (1988) 18, 951-956). 
To a 96-well plate. MH60.BSF2 cells were prepared at T x 1 0^ ceil&/200 ^I/well. To the plate were added mouse lL-6 
and MR16-1 antibody or RS12 antibody at 12.3 to 1000 ng/ml, and then were cultured at 37°C and 5% COg for 44 hours 
arxJ then 1 ^CiyWell of ^H-thymkiine was added. After 4 hours, the incorporation of ^H-thymidine was measured. As a 
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result, MR16-1 antibody suppressed the incorporation of ^H-thymidine of the MH60.BSF2 cells. 

[0143] Thus, it was demonstrated that the antibody produced by the hybrldoma MRie-l inhibits the binding of IL-6 

to IL-6 receptor. 

5 Reference example 4. Preparation of humanized PM-1 antibody 

[0144] Humanized PM-T antibody was obtained according to the method described In international Patent Publica- 
tion WO 92-19759. From the hybridoma PM-1 generated in Reference example 2, total RNA was prepared which was 
then used to synthesize a single strand cDNA. DNA encoding the variable region (V region) of mouse PM-1 antibody 
10 was anplif ied by the polymerase chain reaction (PGR) method. From the PGR, primers described in Jones. S. T. et al.. 
Bio/Technology (1991) 9, 88-89, were used. 

[0145] The PCR-amplif led DNA fragments were purified to obtain a DNA fragment that contains a gene encoding 
the V region of mouse k type L chain and a DNA fragment that contains a gene encoding the V region of mouse y type 
H chain. These DNA fragments were ligated to ptasmid pUC19, which was then introduced Into competent ceils of 
15 cQli DH5a to obtain an csH transfbrmant. From this transf or mant the above plasmid was obtained, and the nucleotide 
sequence of the cDN A coding region in the plasmid was determined by a conventional method, and the conrplementa- 
rlty determining regions (GDR's) of each V region were determined. 

[0146] In order to construct a vector expressing chimeric PM-1 antibody, cDNA encoding the respective region of 
the K type L chain and H chain of the mouse PM-1 antibody was inserted into an expression vector for HGVM. After 

20 confirming that the produced chimeric PM-1 antibody has a correct antigen binding activity, the GDR-grafting method 
was used to construct humanized PM-1 antibody. By substituting amino adds in the framework region (FR), a human- 
ized PM-1 antibody having an antigen binding activity almost equal to the chimeric antibody was constructed. 
[0147] In order to express the gene encoding the thus obtained L chain and H chain of the humanized PM-1 anti- 
body in mammalian cells, each gene was introduced into a vector containing the human elongation factor 1a (HEF-1a). 

25 By simultaneously transforming these expression vectors in CHO cells, OHO cell line that produces tfie humanized PM- 
1 antibody was established. The humanized PM-1 antibody otrtained was confirmed to have an antigen binding activity 
to human IL-6 receptor by the ELISA. Furthernrx>re, the humanized PM-1 antibody inhibited the binding of human IL-6 
to IL-6 receptor to a degree equal to tiiat of the mouse PM-1 antibody and the chimeric PM-1 antibody. 



30 Example 1. 

[0148] MR16-1 and KH-5 (antl-DNP antibody) are rat IgG and when continuously given it is likely to cause the pro- 
duction of antibody against rat IgG and shock symptoms. Immune tolerance against these antitxxiles was induced 
usingtiiemettioddescrbedinFinck.B.K.eta1..J. Qin. Invest. (1994) 94. 585-591. before the start of MR1 6-1 and KH- 
35 5 administration. 

[0149] Thus. 1 mg of anti-GD4 antibody (GK1 .5) was intraperitoneally given for three consecutive days to 1 3-week- 
old female NZB/W F1 mice (ten mice per group, except 9 mice for vehicle administration), and 0.5 mg of MR16-1 or KH- 
5 was intraperitoneally given sinrultaneously with the second administration of anti-CD4 antikxxly. Thereafter, MR16-1 
(0.5 mg), an equal anx)unt of KH-5 as the control antibody, and saline as the vehicle control were intraperitoneally given 
40 once per week till the animals become 64 weeks old, with regular measurement of the urinary protein excreted and the 
blood levels of anti-DNA antibody. 

[0150] The anrK>unt of immunogk)bulins in the blood was also determined. The measurement of the aniount of uri- 
nary protein was conducted using Gombisticks paper (manufactured by Sankyo), and individuals having more than 100 
mg/dl protein were considered positive. The results are shown in Figure 1. The amount of anti-DNA antibody in tiie 
45 bjood was determined by the ELISA metiiod. The results (mean +/- standard error) are shown in Rgure 3. The amount 
of immunoglobulins in the blood was determined by tiie radial immunodiffusion assay. The results (mean +/- standard 
error) are shown In Figure 1. 



55 



The annount of imnruinoglobullns In the blood at 32 weeks okJ (mg/ml) 




IgGI 


lgG2a 


igG3 


IgM 




Saline 
KH-5 
MR16-1 


1J24±0.11 
1.14 ±0.09 
0.84 ±0.14 


6.44 ±1.38 
4.18 ±0.57 
3.21 ±0.46 


2.25 ±0.37 
1.82 ±0.27 
1.23 ±0.15 


1.40 ±0.14 

1.20 ±0.09 

1.21 ±0.13 


1.13 ±0.06 
1.18±0.11 
1.15 ±0.04 
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[01 51 ] Table 1 shows the effect of MR1 6-1 on the amount of immunoglobuiins in the blood. In the table, the results 
for IgG subclass, IgM and IgA are those at 32 weeks old. 

[0152] Thus, the exaetbn of urinary protein begins to be observed at 28 weeks old for the vehicle administration 
group, and at 38 weeks old for the KH-5 administration group. At 64 weeks oW, the time of completion of the experiment, 
5 all mice of the vehicle administration group and 90% of the mice of the KH-5 administration group were positive, 
whereas in the MR 16-1 administration group the timing of the appearance of urinary protein was markedly delayed and 
the incidence of the disease was also markedly suppressed. 

[0153] With regard to the days of survival. MR16-1 cleariy prolonged the days of survival and only one mouse died 
by 64 weeks old. In the amount of anti-DNA antibody, the production of IgG class anti-DNA antibody was markedly sup- 
10 pressed in the MR16-1 administration group but no effects were seen In the antibody of IgM class. In the amount of 
immunoglobulins in the blood, the amounts of lgG1. lgG2, and tgG3 were decreased in the MR16-1 administration 
group, but no effects were seen in the amounts of IgM and IgA. 

[0154] The at>ove results revealed that anti-IL-6 receptor antibody is useful as a preventive and/or therapeutk; agent 
for systemic lupus erythematosus. 
IS [0155] In order to inhibit the biological activity of IL-6, the use of anti-IL-6 antibody and anti-IL-6 receptor antibody 
is considered, but it is believed that anti-IL-6 receptor antibody has a more potent therapeutic effect than anti-IL-6 anti- 
body in systemic lupus erythematosus. 

[0156] When anti-IL-6 receptor antibody was used in the present invention, the onset of nephritis was not observed 
except in one mouse, whereas when anti-tL-6 antibody was used in the experiment of FincK B. K. et al., J. Clin. Invest. 
20 (1994) 94. 585-591 , the number of mice that developed nephritis was growing from 7 weeks old. and the tendency is 
likely to continue after 9 weeks old. From these results, it is estimated that the effect of anti-IL-6 antibody is insufficient 
as compared to that of anti-IL-6 receptor antibody. 

[0157] In the Frnck et aL*s report, changes in the amount of immunoglobulins in the blood included a 2% decrease 
in IgGI , a 12% decrease in lgG2a. and a 92% increase in lgG3. and it described that arrti-IL-e antitxxiy had no effects 

25 on the amount of total immunoglobulins in the blood. On the other hand, in the experiment in which the anti-IL-6 recep- 
tor antibody of the present invention was used, there were a 27% decrease in IgGI , a 23% decrease in IgG, and a 32% 
decrease in igG3. From these results also, it is estimated that anti-IL-6 receptor antibody has a more potent effect. 
[0158] There are many reports that indrcate that the administration of anti-IL-6 antibody to humans or mice causes 
a marked Increase in the concentration of IL-6 in the blood (Wendling, D. et al., J. Rheumatol. (1993) 20. 259-262, Her- 

30 emans. H. et al.. Eur. J. Immunol. (1992) 22. 2395-2401 . It has also been found that the simultaneous administration of 
IL-6 and anti-IL-6 antibody causes a marked increase in the activity of IL-6 (Mihara, J. et al., lmmunok>gy (1991) 74, 55- 
59). 

[0159] In accordarKe with the present invention, the serum concentration of IL-6 determined for mice that received 
gmti-IL-6 receptor antibody was betow the detection limit. Thus, it suggested the possibility that the administration of 
35 anti-IL-6 receptor antibody does not increase IL-6 in the blood. Rom these results also, it is believed that anti-IL-6 
receptor antibody is more excellent than anti-IL-6 antibody. 

Irxiustrial Applicability 

40 [0160] In accordarx;e with the present invention, it was shown that anti-IL-6 receptor antibody has a therapeutic 
effect for systemic lupus erythematosus. Thus. anti-IL-6 receptor antitxxJy is useful as a preventive and/or a therapeutic 
agent for systemic lupus erythematosus. 

[0161 ] Anti-IL-6 receptor antitxxiy is also useful as a preventive and/or a therapeutic agent for reducing anti-DNA 
antitxxiy in systemic lupus erythematosus and for reducing the excretion of urinary protein in systemic lupus erythema- 
45 tosus. 

[0162] Reference to the microorganisms deposited under the Patent Cooperation Treaty, Rule 13-2, and the name 
of the Depository Institute: 

Depository Institute 

50 

[0163] 

Name: the National Institute off Bfosdence and Human Technology, Agency of Industrial Science and Technology 
Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki, Japan 

55 
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Organism (1) 
[0164] 

5 Identification: Rat-mouse hybridonna MR 1 6- 1 

Deposition number: PERM BP-5875 
Deposition date: March 13. 1997 

Organism (2) 

TO 

[0165] 

Identification: HB 101-plBIBSF2R 
Deposition number: PERM BP-2232 
75 Deposition date: January 9, 1 989 

Organism (3) 

[0166] 

20 

Identification: PM1 

Deposition number: PERM BP-2998 

Deposition date: July 12, 1989 

25 Depository organ 

[0167] 

Name: National Collection of Industrial and Marine Bacteria Limited 
30 Address: 23 st Machar Drive Abeideen AB2 IRY 

Organism (4) 

[0168] 

35 

Identification: Escherichia coli DH5a-pPM-k3 
Deposition number: NCIMB 40366 
Deposition date: Pebruary 12. 1991 

40 Organism (5) 

[0169] 

Identification: Escherichia coli DH5a-pPM-h1 
45 Deposition number: NCIMB 40362 
Deposition date: Pebruary 12. 1991 

Claims 

50 1 . A preventive and/or therapeutic agent for systemic lupus erythematosus comprising an interleuKin-6 (I L-6) receptor 
antibody as an active ingredient. 

2. A preventive and/or therapeutic agent for autoimmune nephritis in systemic lupus erythematosus. 

55 3. A preventive and/or therapeutic agent according to claim 2 wherein the autoimmune nephritis is lipus nephritis. 

4. The preventive and/or therapeutic agent according to any of claims 1 to 3 wherein the anti-IL-6 receptor antibody 
is anti-human IL-6 receptor antibody. 
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5. The preventive and/or therapeutic agent according to any of clainns 1 to 4 wherein the anti-IL-6 receptor antibody 
is apti-IL-6 receptor monoclonal antibody. 

6. The preventive and/or therapeutic agent according to any of clainis 1 to 5 wherein tiie anti-IL-6 receptor antibody 
is a recontbinant IL-6 receptor antibody. 

7: The preventive and/or therapeutic agent according to any of claims 1 to 6 wherein the anti-IL-6 receptor antibody 
is PM-1 antibody. 

8. The preventive and/or therapeutic agent according to any of claims 1 to 7 wherein the anti-IL-6 receptor antibody 
is an antibody having the constant region of human antibody 

9. The preventive and/or therapeutic agent according to any of claims 1 to 8 wherein tiie anti-IL-6 receptor antit)ody 
is a chimeric or humanized antibody directed against IL-6 receptor. 

10. The preventive and/br therapeutic agent according to any of claims 1 to 9 wherein tiie anti-IL-6 receptor. antibody 
is humanized PM-1 antibody 

1 1 . The preventive and/or therapeutic agent for reducing anti-DNA antibody or anti-nuclear antibody in systemic lupus 
erythematosus, said agent comprising anti-IL-6 receptor antibody as an active ingredient. 

12. The preventive and/or therapeutic agent for reducing the excretion of urinary protein in systemic lupus erythema- 
tosus, said agent comprising anti-IL-6 receptor antibody as an active ingredient. 
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Fig. 2 
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